Overweight but unseen: a review of the underestimation of weight status and a visual normalization theory by Robinson, E
1



Overweight but unseen: A review of the underestimation of weight status and a visual normalization theory


Eric Robinson 

Psychological Sciences, 
Eleanor Rathbone Building,
University of Liverpool
Liverpool, L69 7ZA, UK
eric.robinson@liv.ac.uk






Conflicts of Interest: None to report.
Funding: The author’s salary is supported by the Medical Research Council and the Economic and Social Research Council. The author has also received research funding from the Wellcome Trust, the National Institute of Health Research, the American Beverage Association and Unilever
Total Word Count & Limit: 8,249 of 8,300 limit
Key Words: weight misperceptions; body weight norms; obesity; visual adaptation
Abstract
Although overweight and obesity is widespread across most of the developed world, a considerable body of research has now accumulated which suggests that adiposity often goes undetected. A substantial proportion of individuals with overweight or obesity do not identify they are overweight and large numbers of parents of children with overweight or obesity fail to identify their child as being overweight. Lay people and medical practitioners are also now poor at identifying overweight and obesity in others. A visual normalization theory of the under-detection of overweight and obesity is proposed. This theory is based on the notion that weight status is judged relative to visual body size norms. Because larger body sizes are now common, this has caused a recalibration to the range of body sizes that are perceived as being ‘normal’ and increased the visual threshold for what constitutes ‘overweight’. Evidence is reviewed that indicates this process has played a significant role in the under-detection of overweight and obesity. The public health relevance of the under-detection of overweight and obesity is also discussed. 











Introduction
The prevalence of overweight and obesity is high in most countries in the developed world  ADDIN EN.CITE , . Of particular note has been the dramatic increase in obesity prevalence observed in recent times  ADDIN EN.CITE , . Because of this, obesity has now been recognised as a global crisis  ADDIN EN.CITE ,  and is a well-discussed matter of considerable public interest  ADDIN EN.CITE , . Here it is argued that although obesity is now a widely discussed societal issue, a sizeable and diverse body of evidence has accumulated which suggests that overweight and obesity often go ‘undetected’ and are under-recognised conditions. This review first summarises evidence for the under-detection of overweight and obesity by drawing on research on self and parental perceptions of weight status and studies examining the ability of lay people and medical practitioners to visually identify overweight and obesity in others. Next, a ‘visual normalization’ theory to explain the under-detection of overweight and obesity is outlined. This theory is based on evidence which suggests that a) evaluations about weight status are made relative to visual body weight norms and b) visual body weight norms are shaped by the size of bodies a person is frequently exposed to in their environment. Widespread increases in population adiposity have resulted in more frequent exposure to heavier body weights and it is argued that this has altered visual perceptions of what constitutes a ‘normal’ weight, as well as shifting the visual threshold at which a person is identified as being overweight. This visual normalization process is argued to have played a causal role in the widespread under-detection of overweight and obesity. Finally, the public health implications of the widespread under-detection of overweight and obesity are considered.a​[1]​


Underestimation of self-perceived weight status 
Personal perceptions of weight status refer to how a person regards their own body weight and size; namely, whether they identify themselves to be underweight, a healthy weight, overweight or obese. There have now been a large number of studies that have examined the correspondence between a person’s actual weight status (typically defined using body mass index; BMI) and their self-perceived weight status; assessed verbally or more commonly through the use of written or pictorial scales. A very consistent finding irrespective of how perception of weight status is measured,  is that although underestimation of weight status tends to be rare among individuals of ‘normal’ healthy weight (BMI 18.5-24.9), a sizeable numbers of individuals with overweight (BMI of 25-29.9) fail to identify their weight status as being ‘overweight’ and instead identify their weight as being in the healthy weight range or ‘about right’  ADDIN EN.CITE 9-14. For example, in a recent study using 2013 data from a large nationally representative survey of UK respondents, 55% of adult males and 31% of females with overweight failed to identify their overweight weight status  HYPERLINK \l "_ENREF_12" \o "Oldham,  #250"  ADDIN EN.CITE <EndNote><Cite><Author>Oldham</Author><RecNum>250</RecNum><DisplayText><style face="superscript">12</style></DisplayText><record><rec-number>250</rec-number><foreign-keys><key app="EN" db-id="afrwexpvnpfx0oevew7vzvwzsexpstpft99p" timestamp="1454080394">250</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Robinson &amp; Oldham</author></authors></contributors><titles><title>BMC Obesity paper under review</title></titles><dates></dates><urls></urls></record></Cite></EndNote>12. Similarly, examining data from a nationally representative US study of over 16,000 participants, Yaesmiri et al  ADDIN EN.CITE 10  report considerable underestimation of weight status (48% of men, 23% of women) among participants whose objective weight status was overweight. In comparison to individuals with overweight, a smaller but still noteworthy percentage of individuals with obesity (BMI of ≥30) also believe their weight status to be ‘about right’  ADDIN EN.CITE , , . In addition, there is evidence that in most cases, even if individuals with obesity do identify themselves as being ‘overweight’, a large number will fail to recognise the severity of their weight  ADDIN EN.CITE 16, 17. In line with this, a recent population-based survey showed that the majority of UK adults with obesity do not identify that they are ‘very overweight’ and less than 10% correctly identify that they are ‘obese’  ADDIN EN.CITE . 
Although underestimation of self-perceived weight status among individuals with overweight and obese is frequently observed, it should be noted that some demographic factors play a role in explaining when underestimation is particularly likely to occur. Within the ‘overweight’ weight range (BMI 25-29.9), the likelihood that a person underestimates their weight status is largest when their weight is at the lower end of this weight range, compared to the upper end of the overweight BMI range  HYPERLINK \l "_ENREF_14" \o "Johnson, 2008 #95"  ADDIN EN.CITE <EndNote><Cite><Author>Johnson</Author><Year>2008</Year><RecNum>95</RecNum><DisplayText><style face="superscript">14</style></DisplayText><record><rec-number>95</rec-number><foreign-keys><key app="EN" db-id="afrwexpvnpfx0oevew7vzvwzsexpstpft99p" timestamp="1430331131">95</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Johnson, F.</author><author>Cooke, L.</author><author>Croker, H.</author><author>Wardle, J.</author></authors></contributors><auth-address>Cancer Research UK Health Behaviour Research Centre, Department of Epidemiology and Public Health, University College London, London WC1E 6BT.</auth-address><titles><title>Changing perceptions of weight in Great Britain: comparison of two population surveys</title><secondary-title>Bmj</secondary-title><alt-title>BMJ (Clinical research ed.)</alt-title></titles><periodical><full-title>Bmj</full-title><abbr-1>BMJ (Clinical research ed.)</abbr-1></periodical><alt-periodical><full-title>Bmj</full-title><abbr-1>BMJ (Clinical research ed.)</abbr-1></alt-periodical><pages>a494</pages><volume>337</volume><edition>2008/07/12</edition><keywords><keyword>*Attitude to Health</keyword><keyword>Female</keyword><keyword>Great Britain</keyword><keyword>Humans</keyword><keyword>Male</keyword><keyword>Middle Aged</keyword><keyword>Overweight/*psychology</keyword><keyword>Perception</keyword><keyword>*Public Opinion</keyword><keyword>Sex Distribution</keyword></keywords><dates><year>2008</year></dates><isbn>0959-535x</isbn><accession-num>18617488</accession-num><urls></urls><custom2>Pmc2500200</custom2><electronic-resource-num>10.1136/bmj.a494</electronic-resource-num><remote-database-provider>NLM</remote-database-provider><language>eng</language></record></Cite></EndNote>14. However, even among those with a BMI that places them at the ‘upper end’ of  the overweight BMI range, a significant proportion of individuals still fail to identify that they are overweight  HYPERLINK \l "_ENREF_14" \o "Johnson, 2008 #95"  ADDIN EN.CITE <EndNote><Cite><Author>Johnson</Author><Year>2008</Year><RecNum>95</RecNum><DisplayText><style face="superscript">14</style></DisplayText><record><rec-number>95</rec-number><foreign-keys><key app="EN" db-id="afrwexpvnpfx0oevew7vzvwzsexpstpft99p" timestamp="1430331131">95</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Johnson, F.</author><author>Cooke, L.</author><author>Croker, H.</author><author>Wardle, J.</author></authors></contributors><auth-address>Cancer Research UK Health Behaviour Research Centre, Department of Epidemiology and Public Health, University College London, London WC1E 6BT.</auth-address><titles><title>Changing perceptions of weight in Great Britain: comparison of two population surveys</title><secondary-title>Bmj</secondary-title><alt-title>BMJ (Clinical research ed.)</alt-title></titles><periodical><full-title>Bmj</full-title><abbr-1>BMJ (Clinical research ed.)</abbr-1></periodical><alt-periodical><full-title>Bmj</full-title><abbr-1>BMJ (Clinical research ed.)</abbr-1></alt-periodical><pages>a494</pages><volume>337</volume><edition>2008/07/12</edition><keywords><keyword>*Attitude to Health</keyword><keyword>Female</keyword><keyword>Great Britain</keyword><keyword>Humans</keyword><keyword>Male</keyword><keyword>Middle Aged</keyword><keyword>Overweight/*psychology</keyword><keyword>Perception</keyword><keyword>*Public Opinion</keyword><keyword>Sex Distribution</keyword></keywords><dates><year>2008</year></dates><isbn>0959-535x</isbn><accession-num>18617488</accession-num><urls></urls><custom2>Pmc2500200</custom2><electronic-resource-num>10.1136/bmj.a494</electronic-resource-num><remote-database-provider>NLM</remote-database-provider><language>eng</language></record></Cite></EndNote>14. In addition, although some social and demographic patterning of personal weight status underestimation is observed (which is discussed later in this review), the tendency for individuals with overweight and obesity to underestimate their weight status is common across the lifespan and among different demographics. As well as being prevalent among adults, underestimation of self-perceived weight status is common among children and adolescents  ADDIN EN.CITE 19-21, with a recent study of more than 70,000 US high school students showing that around one third of respondents with overweight or obesity failed to correctly identify their weight status as being overweight  HYPERLINK \l "_ENREF_22" \o "Fan, 2014 #365"  ADDIN EN.CITE <EndNote><Cite><Author>Fan</Author><Year>2014</Year><RecNum>365</RecNum><DisplayText><style face="superscript">22</style></DisplayText><record><rec-number>365</rec-number><foreign-keys><key app="EN" db-id="afrwexpvnpfx0oevew7vzvwzsexpstpft99p" timestamp="1457693890">365</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Fan, Maoyong</author><author>Jin, Yanhong</author><author>Khubchandani, Jagdish</author></authors></contributors><titles><title>Overweight Misperception among Adolescents in the United States</title><secondary-title>Journal of Pediatric Nursing</secondary-title></titles><periodical><full-title>J Pediatr Nurs</full-title><abbr-1>Journal of pediatric nursing</abbr-1></periodical><pages>536-546</pages><volume>29</volume><number>6</number><keywords><keyword>Obesity</keyword><keyword>Overweight</keyword><keyword>Adolescents</keyword><keyword>School Health</keyword><keyword>Depression</keyword><keyword>Pediatric</keyword></keywords><dates><year>2014</year><pub-dates><date>11//</date></pub-dates></dates><isbn>0882-5963</isbn><urls><related-urls><url>http://www.sciencedirect.com/science/article/pii/S0882596314002048</url></related-urls></urls><electronic-resource-num>http://dx.doi.org/10.1016/j.pedn.2014.07.009</electronic-resource-num><access-date>2014/12//</access-date></record></Cite></EndNote>22. Underestimation of weight status among individuals with overweight and obesity is frequently observed in both the rich and the poor  ADDIN EN.CITE 23-25, as well as across a diverse range of ethnic groups  ADDIN EN.CITE , , . 
The consistency by which studies show that substantial numbers of individuals with overweight fail to identify their weight status has recently been recognised in a systematic literature review  ADDIN EN.CITE 28. Moreover, recent work has also suggested that measurement error associated with the use of self-reported data to determine objective weight status is likely to have resulted in the prevalence of weight status misperceptions among individuals with overweight and obesity being substantially underestimated in some previous studies  HYPERLINK \l "_ENREF_12" \o "Oldham,  #250"  ADDIN EN.CITE <EndNote><Cite><Author>Oldham</Author><RecNum>250</RecNum><DisplayText><style face="superscript">12</style></DisplayText><record><rec-number>250</rec-number><foreign-keys><key app="EN" db-id="afrwexpvnpfx0oevew7vzvwzsexpstpft99p" timestamp="1454080394">250</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Robinson &amp; Oldham</author></authors></contributors><titles><title>BMC Obesity paper under review</title></titles><dates></dates><urls></urls></record></Cite></EndNote>12. Thus, a wealth of research indicates that individuals with overweight and obesity often fail to accurately identify their weight status and the prevalence of such misperceptions of weight status may be even larger than previously estimated.

Parental underestimation of child overweight and obesity
A number of studies have shown that although parents of ‘normal’ healthy weight children rarely underestimate their child’s weight status, parents of overweight and obese children often fail to recognise their child’s weight status as being overweight  ADDIN EN.CITE 29-32. The consistency of this finding is highlighted by a recent systematic review and meta-analysis of studies examining the correspondence between parental perceptions of child overweight and anthropometric measurements  HYPERLINK \l "_ENREF_33" \o "Lundahl, 2014 #218"  ADDIN EN.CITE <EndNote><Cite><Author>Lundahl</Author><Year>2014</Year><RecNum>218</RecNum><DisplayText><style face="superscript">33</style></DisplayText><record><rec-number>218</rec-number><foreign-keys><key app="EN" db-id="afrwexpvnpfx0oevew7vzvwzsexpstpft99p" timestamp="1442305758">218</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Lundahl, A.</author><author>Kidwell, K. M.</author><author>Nelson, T. D.</author></authors></contributors><auth-address>Department of Psychology, University of Nebraska-Lincoln, Lincoln, Nebraska.</auth-address><titles><title>Parental underestimates of child weight: a meta-analysis</title><secondary-title>Pediatrics</secondary-title><alt-title>Pediatrics</alt-title></titles><periodical><full-title>Pediatrics</full-title></periodical><alt-periodical><full-title>Pediatrics</full-title></alt-periodical><pages>e689-703</pages><volume>133</volume><number>3</number><edition>2014/02/04</edition><keywords><keyword>Body Weight/*physiology</keyword><keyword>Child</keyword><keyword>*Health Knowledge, Attitudes, Practice</keyword><keyword>Humans</keyword><keyword>Overweight/*diagnosis/epidemiology/psychology</keyword><keyword>*Parent-Child Relations</keyword><keyword>*Perception</keyword><keyword>meta-analytic methods</keyword><keyword>obesity</keyword><keyword>parental perception</keyword><keyword>weight</keyword></keywords><dates><year>2014</year><pub-dates><date>Mar</date></pub-dates></dates><isbn>0031-4005</isbn><accession-num>24488736</accession-num><urls></urls><electronic-resource-num>10.1542/peds.2013-2690</electronic-resource-num><remote-database-provider>NLM</remote-database-provider><language>eng</language></record></Cite></EndNote>33. Lundahl and colleagues’ analysis of over 60,000 children and their families showed that approximately one half of parents failed to identify their child’s overweight or obese weight status  HYPERLINK \l "_ENREF_33" \o "Lundahl, 2014 #218"  ADDIN EN.CITE <EndNote><Cite><Author>Lundahl</Author><Year>2014</Year><RecNum>218</RecNum><DisplayText><style face="superscript">33</style></DisplayText><record><rec-number>218</rec-number><foreign-keys><key app="EN" db-id="afrwexpvnpfx0oevew7vzvwzsexpstpft99p" timestamp="1442305758">218</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Lundahl, A.</author><author>Kidwell, K. M.</author><author>Nelson, T. D.</author></authors></contributors><auth-address>Department of Psychology, University of Nebraska-Lincoln, Lincoln, Nebraska.</auth-address><titles><title>Parental underestimates of child weight: a meta-analysis</title><secondary-title>Pediatrics</secondary-title><alt-title>Pediatrics</alt-title></titles><periodical><full-title>Pediatrics</full-title></periodical><alt-periodical><full-title>Pediatrics</full-title></alt-periodical><pages>e689-703</pages><volume>133</volume><number>3</number><edition>2014/02/04</edition><keywords><keyword>Body Weight/*physiology</keyword><keyword>Child</keyword><keyword>*Health Knowledge, Attitudes, Practice</keyword><keyword>Humans</keyword><keyword>Overweight/*diagnosis/epidemiology/psychology</keyword><keyword>*Parent-Child Relations</keyword><keyword>*Perception</keyword><keyword>meta-analytic methods</keyword><keyword>obesity</keyword><keyword>parental perception</keyword><keyword>weight</keyword></keywords><dates><year>2014</year><pub-dates><date>Mar</date></pub-dates></dates><isbn>0031-4005</isbn><accession-num>24488736</accession-num><urls></urls><electronic-resource-num>10.1542/peds.2013-2690</electronic-resource-num><remote-database-provider>NLM</remote-database-provider><language>eng</language></record></Cite></EndNote>33. As is the case with self-perceptions of weight status, there are factors that predict when parental underestimation of child overweight is particularly likely to occur. Firstly, the size of a child matters. Failure to identify child adiposity is more common if a child is  overweight rather than obese  ADDIN EN.CITE 33-35, but still a substantial proportion of parents of obese children incorrectly perceive their obese child’s weight as being ‘about right’  ADDIN EN.CITE , .  Secondly, although parental underestimation of child weight status appears to be particularly pronounced for younger children (e.g. 2-5 years old)  ADDIN EN.CITE , , , high rates of parental underestimation (e.g. more than one third of parents underestimating) are still observed across older childhood and adolescence  ADDIN EN.CITE , , .  Likewise, although some studies have indicated that fathers are particularly likely to underestimate the weight status of their overweight child, studies repeatedly show that mothers of overweight children also frequently fail to identify that their child as being overweight or obese  ADDIN EN.CITE , .  Thus, as is the case with personal misperceptions of weight status, although some demographic factors have been reported to be associated with a particularly high prevalence of parental underestimation of child overweight, the failure of parents to identify adiposity is widespread  ADDIN EN.CITE , . 

Failing to see overweight and obesity in others
Widespread personal and parental underestimation of overweight and obesity is consistent with the notion that overweight and obesity are under-detected and often go unrecognised. A distinct literature suggests that under-detection of overweight and obesity is also very common when both lay people and trained healthcare professionals judge the weight status of other people. This observation is in fitting with the notion, that as a society, we may no longer know what constitutes an ‘overweight’ body size. Supporting evidence for this observation comes from a controlled study in which experienced and trainee doctors were asked to judge the weight status of photographed males  HYPERLINK \l "_ENREF_42" \o "Robinson, 2014 #68"  ADDIN EN.CITE <EndNote><Cite><Author>Robinson</Author><Year>2014</Year><RecNum>68</RecNum><DisplayText><style face="superscript">42</style></DisplayText><record><rec-number>68</rec-number><foreign-keys><key app="EN" db-id="afrwexpvnpfx0oevew7vzvwzsexpstpft99p" timestamp="1430322467">68</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Robinson, E.</author><author>Parretti, H.</author><author>Aveyard, P.</author></authors></contributors><auth-address>Institute of Psychology, Psychological Sciences, University of Liverpool, Liverpool.&#xD;Primary Care Clinical Sciences, University of Birmingham, Birmingham.&#xD;Nuffield Department of Primary Care Health Sciences, University of Oxford, Oxford.</auth-address><titles><title>Visual identification of obesity by healthcare professionals: an experimental study of trainee and qualified GPs</title><secondary-title>Br J Gen Pract</secondary-title><alt-title>The British journal of general practice : the journal of the Royal College of General Practitioners</alt-title></titles><periodical><full-title>Br J Gen Pract</full-title><abbr-1>The British journal of general practice : the journal of the Royal College of General Practitioners</abbr-1></periodical><alt-periodical><full-title>Br J Gen Pract</full-title><abbr-1>The British journal of general practice : the journal of the Royal College of General Practitioners</abbr-1></alt-periodical><pages>e703-8</pages><volume>64</volume><number>628</number><edition>2014/10/29</edition><keywords><keyword>obesity</keyword><keyword>primary health care</keyword><keyword>weight management</keyword></keywords><dates><year>2014</year><pub-dates><date>Nov</date></pub-dates></dates><isbn>0960-1643</isbn><accession-num>25348994</accession-num><urls></urls><custom2>Pmc4220236</custom2><electronic-resource-num>10.3399/bjgp14X682285</electronic-resource-num><remote-database-provider>NLM</remote-database-provider><language>eng</language></record></Cite></EndNote>42. Although both experienced and trainee doctors were generally accurate at identifying the weight status of men who were of ‘normal’ healthy weight, there was a systematic underestimation of the weight status of men with overweight and obesity, resulting in a failure by experienced and trainee doctors to identify overweight and obesity more frequently than not  HYPERLINK \l "_ENREF_42" \o "Robinson, 2014 #68"  ADDIN EN.CITE <EndNote><Cite><Author>Robinson</Author><Year>2014</Year><RecNum>68</RecNum><DisplayText><style face="superscript">42</style></DisplayText><record><rec-number>68</rec-number><foreign-keys><key app="EN" db-id="afrwexpvnpfx0oevew7vzvwzsexpstpft99p" timestamp="1430322467">68</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Robinson, E.</author><author>Parretti, H.</author><author>Aveyard, P.</author></authors></contributors><auth-address>Institute of Psychology, Psychological Sciences, University of Liverpool, Liverpool.&#xD;Primary Care Clinical Sciences, University of Birmingham, Birmingham.&#xD;Nuffield Department of Primary Care Health Sciences, University of Oxford, Oxford.</auth-address><titles><title>Visual identification of obesity by healthcare professionals: an experimental study of trainee and qualified GPs</title><secondary-title>Br J Gen Pract</secondary-title><alt-title>The British journal of general practice : the journal of the Royal College of General Practitioners</alt-title></titles><periodical><full-title>Br J Gen Pract</full-title><abbr-1>The British journal of general practice : the journal of the Royal College of General Practitioners</abbr-1></periodical><alt-periodical><full-title>Br J Gen Pract</full-title><abbr-1>The British journal of general practice : the journal of the Royal College of General Practitioners</abbr-1></alt-periodical><pages>e703-8</pages><volume>64</volume><number>628</number><edition>2014/10/29</edition><keywords><keyword>obesity</keyword><keyword>primary health care</keyword><keyword>weight management</keyword></keywords><dates><year>2014</year><pub-dates><date>Nov</date></pub-dates></dates><isbn>0960-1643</isbn><accession-num>25348994</accession-num><urls></urls><custom2>Pmc4220236</custom2><electronic-resource-num>10.3399/bjgp14X682285</electronic-resource-num><remote-database-provider>NLM</remote-database-provider><language>eng</language></record></Cite></EndNote>42. In actual and simulated consultation settings a similar pattern of results is observed, whereby both adults and children with overweight and obesity are not recognised by medical professionals as being overweight or as severely obese as they actually are  ADDIN EN.CITE 43-46. For example, a large study of experienced physicians in Germany found that physicians accurately identified the weight status of less than 30% of patients with overweight and only around half of patients with obesity  ADDIN EN.CITE 43. Such is the consistency of this finding, that the tendency for health care professionals to fail to identify overweight and obesity has been suggested to be a key factor explaining why weight loss treatment is provided only sparsely in health care settings: healthcare professionals do not think to weigh a patient or discuss weight management because their patients simply do not appear to be overweight or obese  ADDIN EN.CITE , , , .   
The same pattern of under-detection of overweight and obesity is also observed when lay people are asked to estimate the weight status of other people. Controlled studies have shown that male overweight and obesity is more likely to be underestimated than accurately perceived when weight status is judged using visual information alone (e.g. standardised photographic stimuli) and this effect has been observed in participants from Europe and the US  ADDIN EN.CITE , . Likewise, a recent study showed that the weight status of females with overweight or obesity is systematically underestimated by lay people when judged using visual information alone  HYPERLINK \l "_ENREF_51" \o "paper,  #312"  ADDIN EN.CITE <EndNote><Cite><Author>paper</Author><RecNum>312</RecNum><DisplayText><style face="superscript">51</style></DisplayText><record><rec-number>312</rec-number><foreign-keys><key app="EN" db-id="afrwexpvnpfx0oevew7vzvwzsexpstpft99p" timestamp="1456828124">312</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Oldham gender paper</author></authors></contributors><titles></titles><dates></dates><urls></urls></record></Cite></EndNote>51. In further support, survey studies suggest that obese body weights are rarely visually identified as being obese until the objective body size being judged belongs to the upper end of Class II obesity and above (extreme obesity)  ADDIN EN.CITE , .  Although there has been no formal systematic literature of how frequently overweight and obesity go visually undetected by others,  the studies reviewed here indicate that that overweight and obesity are often visually under-detected and the visual ‘threshold’ of what constitutes an ‘overweight’ body size is underestimated by both lay people and health care professionals. 

Surrounded by obesity and failing to see it
As has been suggested by others 14, 19, 43, 49, central to the proposed visual normalization theory is the notion that exposure to obesity results in the normalization of larger body sizes and it this process that is a key contributor to the under-detection of overweight and obesity. One prediction of this theory is that under-detection should have become more common as the obesity epidemic has unfolded. In support of this, a number of longitudinal studies have documented that the tendency for individuals with overweight to fail to identify their adiposity and parental underestimation of child overweight have increased concurrently alongside population obesity prevalence  ADDIN EN.CITE , , . Johnson and colleagues examined self-perceived overweight between 1999 and 2007 in UK adults and found that during this period of population weight gain, the percentage of individuals with overweight or obesity underestimating their weight status increased. Burke and colleagues  HYPERLINK \l "_ENREF_54" \o "Burke, 2010 #94"  ADDIN EN.CITE <EndNote><Cite><Author>Burke</Author><Year>2010</Year><RecNum>94</RecNum><DisplayText><style face="superscript">54</style></DisplayText><record><rec-number>94</rec-number><foreign-keys><key app="EN" db-id="afrwexpvnpfx0oevew7vzvwzsexpstpft99p" timestamp="1430331075">94</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Burke, Mary A.</author><author>Heiland, Frank W.</author><author>Nadler, Carl M.</author></authors></contributors><titles><title>From “Overweight” to “About Right”: Evidence of a Generational Shift in Body Weight Norms</title><secondary-title>Obesity</secondary-title></titles><periodical><full-title>Obesity</full-title></periodical><pages>1226-1234</pages><volume>18</volume><number>6</number><dates><year>2010</year></dates><publisher>Blackwell Publishing Ltd</publisher><isbn>1930-739X</isbn><urls><related-urls><url>http://dx.doi.org/10.1038/oby.2009.369</url></related-urls></urls><electronic-resource-num>10.1038/oby.2009.369</electronic-resource-num></record></Cite></EndNote>54 reported conceptually similar findings in US participants: from 1988 to 2004, a period which was associated with rapid increases in population-level weight gain in the US, males and females with overweight or obesity became less likely to identify their weight status as being ‘overweight’. A similar pattern of findings has been reported in longitudinal studies examining weight status misperceptions using other US data, among European adults and in studies that have examined temporal changes in parental underestimation of child overweight status over time  ADDIN EN.CITE , , . These findings indicate that as larger body weights have become more common, the tendency for overweight and obesity to go undetected has increased. 
A further prediction of a normalization explanation of the under-detection of overweight and obesity is that failures to identify overweight should be most common among people that are most frequently exposed to obesity on a daily basis. In support of this, a number of cross-sectional studies suggest that living in a high obesity prevalence area is associated with an increased likelihood that a person underestimates their weight status and parental underestimation of child weight. Binkin and colleagues showed that residing in a high obesity prevalence region is associated with a higher likelihood of US mothers failing to correctly identify their child as being overweight  ADDIN EN.CITE 57. Among school children, the likelihood that a child fails to identify their own overweight or obese status is greater if a large number of their classmates are obese  ADDIN EN.CITE 58. In a similar vein, overweight adolescents who report having larger friends are more likely to underestimate their weight status than those who report belonging to slimmer friendship networks  HYPERLINK \l "_ENREF_59" \o "Ramirez, 2015 #249"  ADDIN EN.CITE <EndNote><Cite><Author>Ramirez</Author><Year>2015</Year><RecNum>249</RecNum><DisplayText><style face="superscript">59</style></DisplayText><record><rec-number>249</rec-number><foreign-keys><key app="EN" db-id="afrwexpvnpfx0oevew7vzvwzsexpstpft99p" timestamp="1450873802">249</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Ramirez, J. C.</author><author>Milan, S.</author></authors></contributors><auth-address>Department of Psychology, University of Connecticut, 406 Babbidge Road U1020, Storrs, CT, 06269, USA. jennifer.acker@uconn.edu.&#xD;Department of Psychology, University of Connecticut, 406 Babbidge Road U1020, Storrs, CT, 06269, USA. Stephanie.milan@uconn.edu.</auth-address><titles><title>Perceived size of friends and weight evaluation among low-income adolescents</title><secondary-title>J Behav Med</secondary-title><alt-title>Journal of behavioral medicine</alt-title></titles><alt-periodical><full-title>Journal of behavioral medicine</full-title></alt-periodical><edition>2015/09/26</edition><keywords><keyword>Figure rating</keyword><keyword>Internalized weight bias</keyword><keyword>Obesity</keyword><keyword>Peers</keyword></keywords><dates><year>2015</year><pub-dates><date>Sep 24</date></pub-dates></dates><isbn>0160-7715</isbn><accession-num>26403505</accession-num><urls></urls><electronic-resource-num>10.1007/s10865-015-9682-x</electronic-resource-num><remote-database-provider>NLM</remote-database-provider><language>Eng</language></record></Cite></EndNote>59. Likewise, being exposed to parents and/or peers of heavier body weight has been shown to be associated with a greater likelihood that a child or adolescent fails to accurately identify that they themselves are overweight  ADDIN EN.CITE , .  Environments in which obesity is ‘normal’ appear to promote the under-detection of overweight and obesity in the self and others. 

Body weight norms and perceived weight status
The recalibration of visual body weight norms is a likely reason why increased obesity prevalence has caused the under-detection of overweight and obesity. When individuals make evaluations about physical characteristics such as body size they are often influenced by social comparison or ‘norm-based’ information. A number of well-supported theories highlight the importance of social comparison processes when making evaluations  ADDIN EN.CITE 61-63. Looking at the appearance of those around us provides us with a ‘standard’ or internal representation of what is normal. We then make evaluations in comparison to these types of internal standards or ‘norms’  ADDIN EN.CITE 64-66. Thus, evaluations about whether a body size is ‘overweight’ are likely to be driven by a ‘norm’ comparison process, whereby the magnitude of a stimulus (the body size being evaluated) is compared to what a person believes to be a normal stimulus size (the evaluator’s internal perception of what constitutes a ‘normal’ body size) , . In the current environment in which overweight and obesity are common, a norm-comparison process therefore results in overweight and obese body weights appearing normal. 
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One 70 of the few qualitative studies 70-72 that has examined how parents of children with overweight or obesity judge their child’s weight status provides further support to a normalization theory of weight status underestimation. Jones and colleagues 70 report that parents describe basing their opinions about their child’s weight on visual comparison to how their child’s weight compares to other children ADDIN EN.CITE . This suggests that providing a child’s weight does not appear to deviate from normality, parental detection of overweight will be unlikely. In support of this, a number of studies have shown that accurate parental identification of child overweight does not reliably occur until a child’s weight is at the  upper end of a population distribution ADDIN EN.CITE , . This occurs presumably because it is not until a child’s body size deviates substantially from perceived normality that it is evaluated as being overweight.

Recalibration of visual body weight norms
Perception is shaped by previous experience and because of this increased obesity prevalence is likely to have recalibrated visual body weight norms. In other words, the size of a stimulus (e.g. body size) a person is used to seeing in their environment is likely to directly inform their visual perception of stimulus normality, a process that is frequently referred to as ‘visual adaptation’  ADDIN EN.CITE ,  or the ‘visual diet’  ADDIN EN.CITE , . Because visual body weight norms will be similarly shaped by experience  ADDIN EN.CITE , , it is proposed that increased exposure to obesity will recalibrate the range of body sizes that are perceived by most people as being ‘normal’, as well as increasing the size at which a body is categorised as overweight. In support of this, when an overweight body is presented alongside other overweight bodies, as opposed to slender bodies, it appears thinner and is less likely to be judged as overweight  ADDIN EN.CITE , , presumably because it appears more normal. Recent experimental work provides the most direct experimental support to a normalization theory of weight status underestimation. A series of studies have shown that visual exposure to male obesity recalibrates perceptions of what constitutes a ‘normal’ male body size and this process causes men with overweight to be incorrectly perceived as being of ‘healthy’ weight  ADDIN EN.CITE , . Likewise, studies examining visual exposure to different female body sizes show that acute repeated exposure to larger body sizes affect perceptions of what constitutes a ‘normal’ or desirable body size for a woman  ADDIN EN.CITE 83-85 and results in the weight status of overweight women being underestimated  HYPERLINK \l "_ENREF_51" \o "paper,  #312"  ADDIN EN.CITE <EndNote><Cite><Author>paper</Author><RecNum>312</RecNum><DisplayText><style face="superscript">51</style></DisplayText><record><rec-number>312</rec-number><foreign-keys><key app="EN" db-id="afrwexpvnpfx0oevew7vzvwzsexpstpft99p" timestamp="1456828124">312</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Oldham gender paper</author></authors></contributors><titles></titles><dates></dates><urls></urls></record></Cite></EndNote>51.  Outside of the laboratory there is also evidence that an individual’s visual perception of what constitutes a ‘normal’ body size is significantly larger if that individuals interacts with more obese social contacts  HYPERLINK \l "_ENREF_86" \o "Winston, 2015 #311"  ADDIN EN.CITE <EndNote><Cite><Author>Winston</Author><Year>2015</Year><RecNum>311</RecNum><DisplayText><style face="superscript">86</style></DisplayText><record><rec-number>311</rec-number><foreign-keys><key app="EN" db-id="afrwexpvnpfx0oevew7vzvwzsexpstpft99p" timestamp="1455620916">311</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Winston, Ginger</author><author>Phillips, Erica</author><author>Wethington, Elaine</author><author>Wells, Martin</author><author>Devine, Carol M.</author><author>Peterson, Janey</author><author>Wansink, Brian</author><author>Ramos, Rosio</author><author>Charlson, Mary</author></authors></contributors><titles><title>The relationship between social network body size and the body size norms of Black and Hispanic adults</title><secondary-title>Preventive Medicine Reports</secondary-title></titles><periodical><full-title>Preventive Medicine Reports</full-title></periodical><pages>941-945</pages><volume>2</volume><dates><year>2015</year><pub-dates><date>10/30</date></pub-dates></dates><publisher>Elsevier</publisher><isbn>2211-3355</isbn><accession-num>PMC4685945</accession-num><urls><related-urls><url>http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4685945/</url></related-urls></urls><electronic-resource-num>10.1016/j.pmedr.2015.10.014</electronic-resource-num><remote-database-name>PMC</remote-database-name></record></Cite></EndNote>86. 
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Social patterning of personal underestimation of overweight and obesity
Although the under-detection of overweight and obesity is common, some individual level characteristics are associated with a person being more or less likely to accurately identify that they are ‘overweight’. For example, individuals with overweight who are aware of the medical guidelines for what constitutes overweight and obese body weights are less likely to underestimate their weight status than those who are less knowledgeable  ADDIN EN.CITE , . Three other factors very consistently associated with personal misperception of overweight and obesity are gender, ethnicity and socioeconomic status. Accurate perception of personal overweight and obesity weight status is more likely to occur in females than males  ADDIN EN.CITE , , , , in whites rather than blacks  ADDIN EN.CITE , ,  and among individuals with higher socioeconomic status  ADDIN EN.CITE , , . There are likely to be a number of contributing factors to this social patterning, some of which will not be directly relevant to visual normalisation (e.g. education or health literacy). However, visual normalization may also be important in explaining some of the social patterning of the under-detection of overweight and obesity. In developed countries the prevalence of obesity is higher in low socioeconomic groups and among black communities, as opposed to wealthier white communities  ADDIN EN.CITE 92-94, which results in more frequent visual exposure to larger body sizes. This level of increased exposure to obesity would be predicted to affect the range of body sizes that socio-economically disadvantaged and black individuals perceive as being ‘normal’, which in turn would explain why underestimation of overweight and obesity is more common in these demographics. Indeed, the body sizes that black individuals and those of lower socioeconomic status report as being ‘normal’ or ‘ideal’ do tend to be significantly larger than body size norms reported by white individuals or those of a higher socioeconomic status  ADDIN EN.CITE 95-97. In a similar vein, personal underestimation of overweight and obesity has been reported to be particularly common among Hispanic individuals, an ethnic group with very high rates of obesity and a tendency to perceive larger body sizes as being more normal  ADDIN EN.CITE , , .
  Although there are some gender differences in obesity prevalence in developed countries, these differences tend to be relatively small and less striking than those reported as a consequence of race or social class  ADDIN EN.CITE , , . Thus, differences in obesity prevalence appear to be less suited to explain gender differences in the underestimation of overweight and obesity. However, a substantial body of research does suggest that women, but not men, in developed countries are very frequently exposed to slender same sex bodies through popular media  ADDIN EN.CITE 102-104.  Therefore, the tendency for women to be exposed to slender female bodies in the media may cause the perception of what constitutes a ‘normal’ female body size to be smaller than that of a ‘normal’ male body size  HYPERLINK \l "_ENREF_105" \o "Spitzer,  #307"  ADDIN EN.CITE <EndNote><Cite><Author>Spitzer</Author><RecNum>307</RecNum><DisplayText><style face="superscript">105</style></DisplayText><record><rec-number>307</rec-number><foreign-keys><key app="EN" db-id="afrwexpvnpfx0oevew7vzvwzsexpstpft99p" timestamp="1455619994">307</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Spitzer, Brenda L.</author><author>Henderson, Katherine A.</author><author>Zivian, Marilyn T.</author></authors></contributors><titles><title>Gender Differences in Population Versus Media Body Sizes: A Comparison over Four Decades</title><secondary-title>Sex Roles</secondary-title></titles><periodical><full-title>Sex Roles</full-title></periodical><pages>545-565</pages><volume>40</volume><number>7</number><dates></dates><isbn>1573-2762</isbn><label>ref1</label><work-type>journal article</work-type><urls><related-urls><url>http://dx.doi.org/10.1023/A:1018836029738</url></related-urls></urls><electronic-resource-num>10.1023/a:1018836029738</electronic-resource-num></record></Cite></EndNote>105 due to ‘internalization of thin ideals’. According to the proposed normalization theory, exposure to thin ideals would in part counteract visual exposure to obesity and make underestimation of weight status less common in females, as opposed to males. Indeed, this is well observed in large survey studies of self-perceived weight status  ADDIN EN.CITE , , . Additionally, in a recent study from our laboratory, we found that visual underestimation of the weight status of others is less common when judging females, as opposed to males  HYPERLINK \l "_ENREF_70" \o "prep,  #327"  ADDIN EN.CITE <EndNote><Cite><Author>prep</Author><RecNum>327</RecNum><DisplayText><style face="superscript">70</style></DisplayText><record><rec-number>327</rec-number><foreign-keys><key app="EN" db-id="afrwexpvnpfx0oevew7vzvwzsexpstpft99p" timestamp="1457187748">327</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Oldham body weight norms paper in prep</author></authors></contributors><titles></titles><dates></dates><urls></urls></record></Cite></EndNote>70. The proposition that the size of bodies that women are exposed to in the media may explain why there are gender differences in weight misperceptions is also in fitting with experimental data showing that exposure to media which presents very slender female bodies causes women to perceive their body size to be heavier , . The extent to which the proposed visual normalization theory explains social patterning of weight misperceptions (e.g. gender, ethnic and socioeconomic differences) would now benefit from direct testing. 

Unanswered questions about the underestimation of weight status
I have proposed that visual normalization is likely to explain a substantial amount of the under-detection of overweight and obesity. However, it is of importance to note that evaluations of weight status are likely to have both visual and attitudinal components. The majority of studies that have assessed personal and parental perceptions of weight status ask participants how they would describe their own/their child’s weight. Thus, the method adopted in these studies does not tell us whether underestimation of weight status is caused by participants visual perception of body size (‘My child’s weight looks normal, not overweight’) or a more affective appraisal of a participant’s attitude towards their weight (e.g. ‘I don’t feel overweight’). However, a number of studies that have asked participants to use visual rating scales (e.g. ‘which is most similar to your/your child’s body size’) corroborate that underestimation of overweight and obesity is very common 11, 19, 33, 53; a finding which is in fitting with a visual account of weight status underestimation. Further work designed to directly examine the relative contributions of visual perception vs. attitudes in explaining personal and parental underestimation of weight status would now be informative, as it would test the validity of the proposed visual normalization theory of the under-detection of overweight and obesity. In addition, although the tendency for weight status to be underestimated was the focus of the present review, there is also literature on the underestimation of absolute body weight (e.g. in kilograms). Recent work has suggested that visual biases may also be important in explaining why heavier absolute body weights tend to be underestimated 68. For example, ‘contraction bias’ relates to the natural tendency for visual stimuli that are larger than average to be prone to size underestimation 68, 108. Thus, ‘contraction bias’ may also in part explain underestimation of weight status among individuals with overweight and obesity. Understanding whether overlapping processes explain both the underestimation of absolute body weight and weight status would now be informative. 

Public health implications of the under-detection of overweight and obesity
It has been widely assumed that large numbers of individuals failing to identify that they are overweight or obese is a public health concern on the grounds that a failure to identify overweight or obesity will be a hindrance to weight management or intervention efforts  ADDIN EN.CITE , , , , , , ; if one fails to recognise that they are overweight they are presumed to be unlikely to take the correct steps to address this. This line of reasoning bleeds over into public health intervention efforts that are designed to improve detection and educate people that they are ‘overweight’  HYPERLINK \l "_ENREF_110" \o "Almond, 2016 #418"  ADDIN EN.CITE <EndNote><Cite><Author>Almond</Author><Year>2016</Year><RecNum>418</RecNum><DisplayText><style face="superscript">110</style></DisplayText><record><rec-number>418</rec-number><foreign-keys><key app="EN" db-id="afrwexpvnpfx0oevew7vzvwzsexpstpft99p" timestamp="1470832124">418</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Almond, Douglas</author><author>Lee, Ajin</author><author>Schwartz, Amy Ellen</author></authors></contributors><titles><title>Impacts of classifying New York City students as overweight</title><secondary-title>Proceedings of the National Academy of Sciences</secondary-title></titles><periodical><full-title>Proceedings of the National Academy of Sciences</full-title></periodical><pages>3488-3491</pages><volume>113</volume><number>13</number><dates><year>2016</year><pub-dates><date>March 29, 2016</date></pub-dates></dates><urls><related-urls><url>http://www.pnas.org/content/113/13/3488.abstract</url></related-urls></urls><electronic-resource-num>10.1073/pnas.1518443113</electronic-resource-num></record></Cite></EndNote>110. In support of this line of reasoning, a number of studies clearly show that whether or not a person with overweight or obesity correctly identifies their weight status is associated with greater weight loss intentions; people who recognise they are overweight are more likely to report a greater desire to lose weight and intentions to diet  ADDIN EN.CITE , , .  Although this line of reasoning for why the under-detection of overweight and obesity could be detrimental to weight management makes intuitive sense 10,14, more recent research has started to question this commonly held assumption. Furthermore, although this ‘ignorance is damaging’ view point has been endorsed by researchers for some time, supporting evidence largely comprises of self-reported intention measures, which have substantial limitations. For example, self-identification of being overweight is associated with greater reported weight loss intentions in cross-sectional analyses, but this does not tell us whether these intentions translate to successful weight management. 
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Conclusions
Evidence was reviewed which suggests that overweight and obesity go under-detected; large numbers of individuals with overweight or obesity fail to recognise that they are overweight or obese and people regularly fail to identify others as being overweight or obese. A visual normalization theory of the underestimation of overweight and obesity was proposed; because larger body sizes are now common, this is likely to have caused a recalibration to the range of body weights that are perceived as being ‘normal’ and increased the visual threshold for what constitutes an ‘overweight’ body size. It is proposed that this visual recalibration process has played a significant role in the under-detection of overweight and obesity. Although failures to identify overweight or obesity have been presumed by many to be damaging to health, here evidence was reviewed which indicates that this presumption may be incorrect. 
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^1	 a The content of this integrative review was informed by 2016/2017 literature searches. Where appropriate I have also drawn on systematic reviews and meta-analyses to inform the content of the review.
